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who	occupied	 the	entire	Guayas	Basin	 in	 the	 central	 and	 southwestern	 Ecuador	between	
Guayaquil	and	the	Andes	during	the	Integration	(800-1400	CE)	and	early	Hispanic	Period.	This	
was	a	highly	organized	society	with	a	complex	political	and	social	organization,	evidence	of	
long	 distance	 trade,	 metal	 jewelry,	 mound	 construction	 and	 chimney	 burials.	 During	
excavations	on	 the	 lower	Guayas	Basin,	 the	 ‘Vuelta	 Larga’	burial	mounds	were	 identified.	
Some	of	these	burials	contained	offerings	of	various	types,	including	local	goods	like	pottery,	
and	foreign	ones	like	metal	artefacts,	shell	beads	and	obsidian.	This	research	will	attempt	to	
determine	 the	metal	 artefacts’	 composition,	 the	 relation	 between	 artefact’s	 composition,	
color	and	class,	possible	connection	to	other	sites	or	cultures	of	the	Andes	and	the	source	of	
the	 fibers	 attached	 to	 some	 of	 the	 artefacts,	 through	 the	 use	 non-destructive	 analytical	





































































































































































































































































































































	 	 	 2	
The	Prehispanic	Andean	population	domesticated	a	wide	variety	of	crops	and	animals	
throughout	 its	 existence.	 Cotton,	 beans	 and	 gourds	 cultivation	 started	 around	 3000	 BCE,	
peanuts	around	2500	BCE,	potatoes	were	domesticated	by	2000	BCE	and	other	crops,	now	of	
worldwide	 importance,	 like	 maize,	 squashes,	 avocados,	 chili	 pepper,	 guava	 and	 sweet	
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Figure	2:	Location	of	first	metallurgical	evidence	in	the	Andes.	
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Metal	 First	evidence	 Area	 Use	
Gold	 2000	BCE	 South	Peru	 Jewelry	
Copper	 1400	BCE	 Northern	Argentina	 Adornments,	masks.	
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ANDEAN	MINING		
The	 raw	materials	 used	 for	 the	manufacture	 of	metals	 in	 the	 Andes	were	 usually	
extracted	from	nearby	deposits,	which	is	the	reason	for	the	huge	variety	of	alloys	found	in	




minerals	 –	 including	 tetrahedrite-tennantite,	 enargite	 and	 arsenopyrite	 –	 due	 to	 the	
dissemination	of	the	techniques	developed	under	the	Inca	rule	(Lechtman	1996).	Tin	bronze,	
on	the	other	hand,	can	be	mainly	found	in	southern	Peru,	the	Bolivian	altiplano	near	Tiwanaku	
and	 in	 the	 highlands	 of	 northwest	 Argentina,	 where	 deposits	 of	 cassiterite	 are	 abundant	
(Lechtman	1996).		
ALLOYS		














Menéndez	 2005).	 Golden	 artefacts	 were	 produced	 and	 used	 by	 different	 South	 America	
groups	 for	over	2500	years,	until	 the	Spanish	conquest,	when	the	conquistadors	started	a	








those	 precious	 metals	 with	 copper	 (Zevallos	 Menéndez	 2005).	 One	 of	 these	 alloys	 is	
commonly	referred	to	as	‘tumbaga’,	word	that	comes	from	the	Malay	word	‘tembaga’.	This	
alloy	is	now	known	to	be	a	copper-gold	or	copper-silver-gold	alloy	and	was	used	by	the	South	
American	 societies	 to	 manufacture	 decorative	 objects	 of	 golden	 color	 (Blust	 1992).	






through	 either	 hammering,	 depletion,	 amalgam	 or	 fusion	 gilding	 or	 electrochemical	
replacement	plating	(Bray	1971).	In	this	process,		
“[...]	 gold	and	 copper	are	alloyed	 in	 varying	proportions,	and	 through	 some	 simple	




and	annealing	gave	copper-rich	 tumbagas	a	golden	surface;	 silver-rich	 tumbagas	 required	
other	chemical	treatments	to	enrich	the	gold	portion	of	the	alloy	that	resulted	in	the	golden	











	 	 	 7	


















of	 all	 the	 extraction,	 smelting,	 metalworking,	 soldering,	 welding,	 gilding	 and	 silvering	
techniques	 that	 have	 been	 developed	 throughout	 the	 Tawantinsuyu	 before	 their	 arrival	
(Rutledge	and	Gordon	1985).	Most	of	the	pre-Inca	techniques	were	still	used	by	the	time	the	
Europeans	arrived.	Pedro	Cieza	de	León	describes,	 in	one	of	his	chronicles,	a	wind	furnace	





	 	 	 8	
	
Figure	4:	Artists	reconstruction	of	a	late	arsenical	copper	smelting	furnace.	(Shimada	el	al.	1983).	
The	 most	 widespread	 pre-Inca	 technique	 for	 metal	 production	 were	 the	
aforementioned	 huayras,	 three	 feet	 high	 terra-cotta	 cylindrical	 wind	 furnaces,	 used	 for	
smelting	different	ores	(Bray	1971;	Easby	1966).		They	could	be	found	usually	on	hillsides	or	





Other	 common	 technique	 forartefacts	 manufacture	 was	 the	 use	 of	 sheet	 metal,	
where	the	sheet	was	placed	intoconcave	molds	and	hammered	or	pressedinto	high	relief	
shapes.	Decoration	wasadded	through	techniques	that	involvedengraving,	chasing	designs,	





























began	around	1000	BCE	 in	 the	 central	Andes,	 lasting	until	 the	 Inca	 conquest,	when	 silver	
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became	a	color	used	and	controlled	only	by	the	Inca	themselves	(Lechtman	1985).	Copper	
and	bronze,	on	the	other	hand,	were	also	highly	valued,	but	were	mostly	used	for	tools	and	
to	 display	 lower	 social	 ranks;	 in	 spite	 of	 this,	 the	 use	 of	 copper	 was	 the	 reason	 Andean	
metallurgy	developed	into	a	complex	and	refined	technique	(Lechtman	1985).		
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CHAPTER	2:	PRE-HISPANIC	ECUADOR	AND	METALLURGY	
Ecuador,	 located	in	the	northern	part	of	the	Andes	had	a	long	pre-hispanic	cultural	
development	 that	 is	 studied	 in	 four	chronological	Periods:	Preceramic	 (10,000-3,200	BCE),	
Formative	(3,200-300	BCE),	Regional	Development	(300	BCE-	800	CE)	and	Integration	(800-
1532	CE)	(Meggers	1966;	Moreno	Yanez	and	Brochart	1997;	Porras	1987;	Delgado-Espinoza	
2002).	 Sedentism	 in	 the	 area	 can	 be	 traced	 back	 to	 the	 early	 Holocene	 (Stothert	 1988;	
Raymond	2008),	while	 evidence	 of	 the	 first	 permanent	 settlements	 date	 back	 to	 the	 late	
fourth	millennium	BCE	(Marcos	2003,	Raymond	1993,	Raymond	2008).	(Table	2)	
PERIOD	NAME	 TIME	RANGE	 SIGNIFICANCE	
PRE-CERAMIC	OR	ARCHAIC	 10000	BCE	–	3200	BCE	 • Stone	tools	
• Evidence	of	burial	practices	
• Nomadic	life	



















The	 first	 archaeological	 period	 in	 Ecuador	 is	 the	Preceramic,	which	 starts	with	 the	
arrival	of	nomadic	groups	 in	 the	area	at	around	10,000	BCE,	and	 last	until	3,200	BCE,	 this	
period	 is	 characterized	 by	 nomadic	 groups,	 hunting,	 fishing,	 stone	 tools,	 and	 early	
development	 of	 burial	 practices	 (Raymond	 2008;	 Delgado-Espinoza	 2002).	 The	 coast	 of	
Ecuador	 seems	 to	 have	 been	 the	 center	 of	 the	 first	 permanent	 or	 semi-permanent	
settlements	 development,	 with	 Las	 Vegas	 region	 in	 the	 southwest,	 near	 the	 Santa	 Elena	
peninsula,	being	 the	earliest	 and	best	 recorded	 (Raymond	2008).	 Las	Vegas	was	occupied	
from	 8500	 to	 4600	 BCE	 approximately,	 and	 evidence	 of	 hunting,	 fishing,	 cultivation	 and	
	 	 	





years,	 until	 the	 denominated	 Formative	 Period	 gets	 underway	 (Raymond	 2008).	 The	
Formative,	which	spans	 from	3,200	 to	300	BCE,	was	characterized	by	 the	development	of	
ceramic,	 sedentary	 settlements	 in	 the	 form	of	 villages,	maize	 cultuvation	 and	 early	 inter-
regional	contact	and	exchange	 (Raymond	2008;	Zeidler	2008).	The	Valdivia,	which	are	 the	
main	 Early	 Formative	 culture	 in	 the	 coast	 of	 Ecuador,	 created	 larger	 sites	 with	 distinct	




Elena	 Peninsula	 to	 southern	 Manabí	 coast,	 and	 from	 northern	 Manabí	 to	 southern	
Esmeraldas	(Villalba	et	al	2006;	Staller	2001;	Zeidler	2008).	The	Machalilla	practices	a	mixed	
economy	based	on	 farming,	 hunting	 and	 fishing;	 as	well	 as	 pottery	 and	 stone	production	
(Pearsall	2003;	Zeidler	2008).	The	Late	Formative	Chorrera	 culture,	 found	originally	 in	 the	
























mounds	 or	 tolas	 as	 their	 political	 or	 social	 center,	 specialized	 ceramic	 production,	 faunal	
domestication,	common	burial	practices	and	access	to	exotic	materials	like	spondylus	beads,	
metalwork,	obsidian	and	textiles	(Estrada	1957;	Delgado-Espinoza	2006;	McEwan	&	Delgado	
2008).	 The	 coastal	 polities	 in	 these	 area	 developed	 diverse	 technologies	 in	 order	 to	 take	
advantage	 of	 their	 environment,	 these	 included	 raised	 field	 systems,	 water	 capturing	
structures,	 terrace	 systems	 and	deep-sea	balsa	 rafts	 (McEwan	&	Delgado-Espinoza	 2008).	


















































































	 	 	 	
La	Tolita	 	 	 Bahia	 	 	
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METALLURGY	IN	PRE-HISPANIC	ECUADOR	
	Ecuador	is	located	on	top	of	several	copper,	gold,	silver,	platinum,	arsenic	and	other	
poli-metallic	 deposits,	 which	 have	 been	 exploited	 since	 pre-hispanic	 times	 metals	 both	
















also	 has	 early	 evidence	 of	metallurgical	 practices:	 the	 oldest	 being	 Salango	 in	Manabí	 at	
around	 1500	 BCE	 and	 Putushio	 in	 Loja	 from	 about	 1460	 to	 865	 BCE,	 this	 last	 one	 holds	






Formative,	 with	 Narrio	 in	 the	 Andes	 and	 Chorrera	 in	 the	 Coast,	 although	 archaeological	
evidence	 of	widespread	metallurgical	 practices	 is	 scarce	 until	 the	 Late	 Formative	 or	 Early	
Regional	Development	Periods	when	stablished	traditions	start	emerging	(Lleras	&	Ontaneda	
2010).	 Until	 the	 Incas	 start	 process	 of	 technological	 standardization	 in	 the	 XV	 century,	
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Ecuador	 was	 inhabited	 by	 diverse	 groups,	 each	 with	 their	 own	 political,	 social	 and	




Ecuador:	 hammering	 or	 sheeting,	 lost-wax	 or	 mold	 casting	 and	 platinum	 sintering,	 each	
technique	has	been	associated	with	 specific	 traditions	 inside	 the	area	 (Lleras	&	Ontaneda	
2010).	 In	the	region	of	modern	Ecuador,	evidence	of	three	pre-incan	traditions	have	been	
found:	the	first,	somewhat	disconnected	from	the	rest	of	the	country,	in	the	northern	coast	

















La	 Tolita,	 which	 earliest	 occupation	 dates	 to	 600	 BCE,	 is	 considered	 the	most	 important	
metallurgic	 site	 of	 the	 region	 due	 to	 the	 skillfully	made	 artefacts,	 the	 unique	 gold,	 gold-
platinum	 alloys	 and	 copper	 alloys	 used	 in	 their	 tradition	 and	 the	 creation	 of	 powder	
metallurgy	 (Scott	 &	 Bray	 1994;	 Lleras	 &	 Ontaneda	 2010;	 Scott	 2011).	 This	 tradition	 is	
characterized	by	the	use	of	pieces	of	sheet	metal,	their	assembling	by	means	of	soldering,	
welding,	granulation	or	filigree	and	the	 incorporation	of	shell,	a	second	metal	and	colored	
stones	 (Scott	&	Bray	2011).	The	Tolita’s	 techniques	spread	north,	 reaching	Chocó	and	 the	
Cauca	Valley	in	Colombia,	and	south	covering	Manabí’s	coast	and	reaching	the	Guayas	Basin,	
allowing	 for	 the	 appearance	 of	 several	 groups	 both	 in	 Ecuador	 and	 Colombia	 (Lleras	 &	
Ontaneda	 2010).	 This	 metalwork	 tradition	 is	 quite	 distinct	 from	 that	 of	 the	 Andes	 and	













the	 V	 century	 CE	 and	 later	 the	 Imbabura	 province	 (Zevallos	 Menéndez	 2005;	 Lleras	 &	
Ontaneda	2010).	
	 	 	







which	 included:	 plastic	 deformation,	 emptying	 and	 surface	 treatment;	 creating	 a	 new	
tradition	with	its	center	in	Santa	Elena	and	the	Bahía	people	as	its	promoters	(Stemper	1993;	
Lleras	&	Ontaneda	2010;	Romero-Bastidas.	et	al	2017).	The	Bahía	tradition	became	the	base	




metals	 for	 tools	 and	 as	 an	 exchange	medium,	 as	 well	 as	 evidence	 of	 contact	 with	 other		
between	groups	and	with	groups	outside	the	Guayas	Basin
	 	 	





of	 urban	 centers	 that	was	 only	 stopped	by	 the	 Spanish	 conquest	 (Meggers	 1966;	Marcos	
1985;	 Delgado-Espinoza	 2002).	 One	 of	 the	 main	 representatives	 of	 this	 period	 was	 the	
Milagro-Quevedo	society,	which	appeared	 in	 the	 lower	Guayas	Basin,	near	 the	end	of	 the	
Guayas	river	around	400CE	and	expanded	to	occupy	the	areas	surrounding	the	Daule	river,	
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This	society	was	characterized	by	a	specialized	craft	production	which	include	a	unique	
pottery	 style	and	production,	 and	metalworking,	 cotton	and	wool	production,	 agricultural	
raised	field	systems,	the	construction	of	houses	and	urban	centers	atop	mounds,	regional	and	
extra-regional	trade	and	chimney	burials	(Meggers	1966;	Marcos	1985;	Zevallos	Menéndez	
1995;	 Sutliff	 1998;	 Delgado-Espinoza	 2002).	 The	 Milagro	 developed	 an	 extensive	






or	 craft	 production	 and	 small	 aldeas	 or	 villages	 (Buys	 and	Muse	 1987;	 Delgado-Espinoza	
2002).	Their	complex	social	hierarchy	is	evident	in	the	burial	patterns	of	each	settlement	and	
the	exotic	resources,	like	metals,	precious	stones	and	shells,	found	in	association	with	them	
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Figure	9:	Map	of	surveyed	Area	during	the	‘Yaguachi	Project’.	(Based	on	Delgado-Espinoza	2002).	




or	burial	 sites	and	 isolated	aldeas	or	 rural	 villages	 (Delgado-Espinoza	2002).	Based	on	 the	
gathered	archaeological	evidence	the	local	demography	is	estimated	to	have	been	between	
30,000	and	40,000	people	and	domestic	settings	were	mainly	found	in	the	denominated	sub-
centers	and	villages.	First	 tier	primary	centers,	 the	political	decision	centers,	were	 located	
close	to	the	main	rivers	of	 the	area,	 the	Guayas,	Boliche	and	the	Taura	rivers;	second	tier	
centers	held	diverse	 functions,	but	were	mainly	a	 link	between	primary	 centers	and	 rural	
villages	and	had	easy	access	to	rivers	and	esteros	to	allow	river-based	interregional	exchange;	





Larga	 (Delgado-Espinoza	 2002).	 During	 the	 aforementioned	 excavations	 three	 of	 these	
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mounds	were	tested,	VL-T1	was	identified	as	a	burial	mound	and	182	burials	were	uncovered,	













these	 burials,	 however,	 contain	 offerings	 of	 various	 types,	 including	 local	 pottery,	 and	 an	
assortment	 of	 apparently	 foreign	 goods	 consisting	 of	 metal	 artifacts,	 shell	 beads,	 quartz	
beads	and	one	obsidian	blade	(Delgado-Espinoza	2002).	
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CHAPTER	4:	RESEARCH	PROPOSAL	
Ecuadorian	 metallurgy	 of	 the	 Guayas	 Basin,	 with	 the	 exception	 of	 some	 recent	




domestic	 production	 and	 use	 in	 the	 Milagro	 society,	 but	 little	 was	 discussed	 about	
composition	and	connections	to	other	sites.	Because	of	this	lack	of	research,	little	is	known	
about	the	alloy	composition	of	the	Guayas	Basin	metallic	artefacts,	their	possible	origin	and	
connection	 to	 other	 groups,	 both	 in	 Ecuador	 and	 in	 northern	 Peru;	 which	 could	 lead	 to	
hypothesis	regarding	short	and	long	distance	trading.	
During	excavations	preformed	by	Florencio	Delgado,	PhD.,	in	the	lower	Guayas	Basin	
area,	 16	 sites	 were	 identified	 with	 641	 mounds	 for	 public	 and	 domestic	 functions;	 the	
settlement	pattern	include	centers,	subcenters	and	rural	vilagges,	most	of	them	close	to	main	
rivers,	which	would	have	 aided	 in	 exchange	 relations	 (Delgado	2002).	One	of	 the	 studied	
mounds	‘Vuelta	Larga	Mound	1’	served	funerary	purposes	and	held	182	individuals,	in	both	
primary	and	secondary	burials,	some	of	which	contained	offerings	of	various	types,	including	
local	 goods	 like	 pottery,	 and	 foreign	 ones	 like	 metal	 artefacts,	 shell	 beads	 and	 obsidian	
(Delgado	2002).	The	metallic	artefacts,	identified	visually	as	copper	based	alloys,	include	ear	
and	nose	rings,	tweezers,	jingle	bells,	beads,	needles	and	plate	pieces	with	fibers	attached.	
These	 artefacts	 or	 their	 pre-forms,	 have	 been	 hypothesized	 to	 come	 from	 the	 closest	







destructive	 analytical	 techniques:	 Energy	 Dispersive	 X-Ray	 Fluorescence	 Analysis	
Spectroscopy	 (EDXRF),	 Scanning	 Electron	 Microscopy	 coupled	 with	 Energy	 Dispersive	
Spectroscopy	(SEM/EDS)	and	in	the	case	of	the	samples	with	fibers:	Environmental	Scanning	
	 	 	






techniques	 in	 the	 22	 metallic	 artefacts	 obtained	 from	 archaeological	 excavations	 in	 the	





• Compare	 these	 results	 to	 other	 analysis	 of	 metallic	 artefacts	 in	 the	 area	 and	
determine	the	existence	of	connections	in	alloy	composition.	
• Determine	the	possible	use	of	the	different	alloys.	
• Determine	 if	 the	 Yaguachi	 chiefdom	 was	 in	 contact	 and	 traded	 with	 other	







and	collect	data	 that	 can	assist	 in	answering	archaeological	queries	and	contribute	 to	 the	
development	of	the	field	in	Ecuador.	The	study	of	pre-Hispanic	metallurgical	techniques	and	
archaeological	metals	in	Ecuador	has	been	closely	linked	to	object	shape,	hierarchy	markers,	
the	 use	 of	 color	 and	 the	 development	 of	 chiefdoms.	 Next	 to	 no	 research	 has	 involved	
chemical	and	analytical	techniques	to	answer	archaeological	questions	until	recently.	Most	
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based	on	 state	 of	 conservation	 and	 shape	 after	 a	macroscopic	 examination	 preformed	 in	
Quito	 by	 the	 author	 of	 this	 research	 and	with	 supervision	 of	 Florencio	Delgado-Espinoza,	
PhD.,	 archaeologist	 who	 recovered	 this	 material	 in	 1999.	 The	 selected	 artefacts	 and	
fragments	 were	 approved	 by	 Florencio	 Delgado-Espinoza,	 and	 later	 taken	 to	 the	 INPC	
(National	Institute	for	Cultural	Heritage)	to	obtain	the	required	permits	to	extract	them	from	
Ecuador	and	analyze	them	in	Europe.		
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Copper	and	Its	Alloys	
	 Pure	copper	 is	readily	 found	 in	mines	around	the	world	and	has	a	melting	point	of	
















hammering	 and	 annealing,	 which	 happened	 in	 either	 small	 workshops	 inside	 homes	 for	
personal	use	or	in	bigger	specialized	workshops,	and	the	copper	based	raw	materials	used	in	
metal	artifact	production	(Hosler	1998;	Sutliff	1998	Lleras	&	Ontaneda	2010).	On	one	hand,	








were	 produced	 in	 smaller	 quantities	 and	with	more	 specialized	 techniques	 like	 repousée,	
filigree	and	granulation	for	the	highest	ranking	elite	(Sutliff	1998;	Lleras	&	Ontaneda	2010).	
	 	 	





on	 the	 fabrication	 of	 personal	 ornamentation,	 which	 is	 evident	 both	 in	 the	 ceramic	
iconography,	but	specially	in	the	offerings	found	in	tombs;	using	complex	and	thoughtfully	
worked	metallic	nose	 rings,	 simple	copper	earrings,	necklaces	made	with	metal,	 shell	 and	
precious	 stones	 beads	 and	 pectorals	 made	 of	 different	 copper	 alloys,	 gold	 and	 silver,	
depending	 on	 the	 person’s	 status	 (Zevallos	 Menéndez	 2005;	 Lleras	 &	 Ontaneda	 2010).	


















number	 of	 crafts,	 including	 metal-work,	 wood-carving,	 stone-work,	 ceramic	 and	 textiles	
(Ainsworth	 1925).	 Examples	 of	 most	 of	 these	 crafts	 are	 readily	 available	 for	 study,	
unfortunately	 mainly	 due	 to	 hot	 and	 moist	 climate,	 few	 archaeological	 textiles	 remain	
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vicuña,	 these	 four	 animals	 with	 different	 colors,	 including	 brown,	 black	 and	 white;	 and	
textures,	coarse,	hairy	or	fine,	gave	the	textile	manufacturers	some	great	raw	materials	to	















	 Optical	 microscopy	 is	 considered	 the	 essential	 precursor	 in	 most	 analyses	 or	
investigations	and	can	be	used	to	 inspect	 the	surface	microstructure	of	most	materials	by	
producing	a	magnified	image	and	detecting	details	invisible	to	the	human	eye	and	decide	how	
to	 proceed	 (Pavlidou	 2013).	 In	 the	 case	 of	 metals,	 the	 best	 option	 is	 reflected	 light	









be	 approached	 when	 the	 artifact’s	 context	 is	 known,	 obtain	 information	 about	 artifact’s	
conservation	environment	and	climate	change,	compare	results	with	other	areas	in	order	to	















sulphide	or	oxide	 (Mercier	et	al.	2002).	 Some	artifacts	 can	be	 susceptible	 to	environment	
changes	and	prone	to	rapid	oxidization	once	removed	from	the	soil	(Callister	2007;	Mercier	
et	 al.	 2002).	 In	 order	 to	 preserve	 the	 metal’s	 properties	 and	 shape,	 minimally	 invasive	
methods	are	recommended	when	they	undergo	chemical	and	physical	analyses.	
XRF	–	X-Ray	Fluorescence	


















(ED)	 detector,	 and	 a	 multichannel	 analyzer	 (Gigante	 &	 Ridolfi	 2013).	 EDXRF	 is	 the	 most	
commonly	used	for	‘in	situ’	analysis	thanks	to	the	low-power	35-50	kV	dedicated	x-ray	tube	
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and	the	cooled	semiconductor	detectors;	and	can	determine	element	concentration	in	a	solid,	
powder,	 liquid	 or	 thin	 film	 with	 no	 sample	 preparation	 (Gigante	 &	 Ridolfi	 2013).	 This	







analysis	 and	 rapid	 results	 (Gigante	&	Ridolfi	 2013;	 Pollard	&	Bray	 2014).	 XRF	 is	 especially	
useful	 for	 antique	 alloy	 identification	 and	 quantification	 due	 to	 the	 heavy	metals	 ancient	
societies	used	(Pollard	&	Bray	2014).		
SEM	–	Scanning	Electron	Microscopy	
	 Scanning	 electron	 microscopy	 is	 a	 chemical	 analysis	 dependent	 upon	 a	 beam	 of	
electrons	and	the	detection	of	X-rays,	it	provides	with	both	a	high	resolution	two-dimensional	
image	and	a	micro-point	chemical	 information	(Pollard	&	Bray	2014).	SEM	can	be	used	for	
characterization	 and	 high	magnification	 imaging,	 due	 to	 the	 use	 of	 a	wide	magnification,	




focusable	 (Pavlidou	 2013;	 Pollard	 &	 Bray	 2014).	 SEM-EDS	 takes	 place	 in	 a	 high-vacuum	
chamber,	 where	 the	 electrons	 strike	 the	 sample	 with	 a	 micro-beam	 and	 produce	
characteristic	 X-rays,	 which	 are	 detected	 and	 permit	 the	 identification	 of	 the	 chemical	
composition	of	the	sample	(Pollard	&	Bray	2014).		
	 The	SEM	technique	requires	an	electron	source,	a	series	of	lenses,	apertures	for	the	
beam	 to	 pass	 through,	 controls	 to	 position	 the	 specimen,	 an	 area	 of	 beam/specimen	
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and	helps	produce	images	of	selected	areas	and	determine	chemical	composition	of	specific	
points	(Pavlidou	2013).	These	signals	permit	multiple	element	analysis	of	single	spots	or	larger	






a	 specimen,	 which	 produces	 secondary	 and	 backscatter	 electrons	 (Pavlidou	 2013).	 These	










































































	 One	 of	 the	 main	 methods	 of	 fiber	 analysis	 consists	 of	 comparison,	 which	 means	
observing	 any	 correlation	 between	 fibers	 from	 an	 unidentified	 source	 and	 fibers	 from	 a	
known	source	in	order	to	determine	the	possible	origin	of	the	first	kind	(Houck	2009).	When	




hand,	animal	 fibers,	which	 include	wool,	 angora,	 cashmere	and	 silk	originate	 from	a	wide	
range	of	animals,	including	sheep,	camelids,	rodents,	spiders	and	even	worms;	and	come	from	
their	 whiskers,	 guard	 or	 fur	 (Tridico	 2009;	 Houck	 2009).	 Animal	 fibers	 can	 be	 identified	
through	microscopic	visual	analysis,	where	identification	of	surface	characteristics,	like	scale	
presence	 and	 smoothness,	 is	 key,	 or	 through	 chemical	 analysis,	 which	 can	 uncover	 the	
presence	of	amino	acid	chains	known	as	protein	like	keratin	or	fibroin	(Tridico	2009).		
	 	 	































The	 use	 of	 the	 stereomicroscope	 showed	 the	 presence	 of	 a	 green	 thin	 later	 of	


















































	 The	 analysis	 through	 optical	 microscopy	 allowed	 for	 the	 identification	 of	 several	






















were	different	based	on	 the	purpose	of	 the	 textile,	 so	 clothes	were	made	with	 a	 specific	
weaving	 technique,	 and	 the	 jewelry	 lining	 with	 another.	 In	 both	 cases,	 one	 thread	 was	
wrapped	 vertically	 and	 another	 horizontally,	 but	 in	 a	 matter	 that	 created	 two	 different	
weaving	patterns.	One	weaving	pattern	shows	signs	of	an	alternate-warp	float	weave	or	a	


















The	 results	 of	 the	 analysis	 done	 after	 polishing	 determine	 the	 existence	 of	 five	
different	alloys	and	one	pure	metal	used	in	the	artefacts	of	this	site.	All	artefacts	show	high	





	 The	 6	 aforementioned	 groups	were	 categorized	 into	 3	 alloy	 groups	 and	 one	 pure	
metal:	copper-arsenic	alloys,	copper-silver	alloys,	copper-lead	alloy	and	pure	copper.	Some	
of	 these	 alloys	 might	 seem	 unique,	 but	 have	 also	 been	 found	 in	 relation	 to	 Manteño-
Guancavilca	contexts	(Romero-Bastidas	et	al.	2017),	which,	considering	there	are	no	mines	in	
	 	 	








vast	 area,	 from	Chile	 to	Mexico	 and	 is	 related	 to	 either	 the	 large	 number	 of	metals	 that	
contain	arsenic	in	their	geological	occurrences,	mainly	in	large	deposits	of	sulfosalt	minerals	
and	partly	thanks	to	the	smelting	of	arsenopyrite	with	copper	ores	(Lechtman	1996).		 	










and	 Milagro-Quevedo	 metal	 smiths	 were	 able	 to	 create	 a	 high	 volume	 of	 goods	 in	 a	
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ID	code	 Artefact	 Cu	 As	
VL	013	 Tweezers	 99.70%	 0.30%	
VL	114	 Tweezers	fragment	 99%	 1%	
VL	1006	 Nose	ring	 99.50%	 0.40%	
VL	1017	 Ring	fragments	 99.50%	 0.40%	
VL	1033	 Nose	ring	 99.90%	 0.10%	
VL	2005.1	 Ring	 99.40%	 0.60%	
VL	2005.2	 Bell	 99.60%	 0.40%	








ID	code	 Artefact	 Cu	 As	 Pb	
VL	1000	 Ring	 98%	 1.50%	 0.40%	
VL	1023	 Bell	 99%	 0.70%	 0.20%	






complex	and	beautiful	metal	 artefacts	 (Cesareo	2010;	Cesareo	et	 al.	 2013).	 The	 low	carat	
silver,	which	was	made	with	a	copper	base,	was	developed	in	several	societies,	including	the	
Moche,	 this	mixture	which	usually	had	 its	 surface	enriched	 through	depletion	gliding	was	











ID	code	 Artefact	 Cu	 As	 Ag	
VL	1051	 Ring	fragment	 99.60%	 0.20%	 0.15%	
VL	3009	 Ring	and	ring	fragment	 99.40%	 0.30%	 0.30%	
Table	14:	Artefacts	made	of	Cu-As-Ag	alloy.	
Group	4:	Copper+High	Quantities	of	Silver	
	 These	 copper	 based	 artefacts	 show	 a	 presence	 of	 less	 than	 2%	 of	 arsenic,	 a	 high	
presence	of	 silver,	which	 is	 bound	 to	be	 intentional,	 in	 the	 case	of	 two	artefacts,	 a	 small	
quantity	of	brome	and	in	other	two	artefacts,	a	small	quantity	of	lead,	these	trace	quantities	
were	probably	 related	to	 the	geological	 source	of	 the	copper.	The	amount	of	silver	 in	 the	
alloy,	allow	for	a	wide	range	of	colors,	that	in	this	case	include:	one	bronze	colored	artefact,	
one	bronze	colored,	two	dark	bronze,	one	silver	and	two	undetermined.		
ID	code	 Artefact	 Cu	 As	 Pb	 Ag	 Notes	
VL	009	 Ring	 74%	 0.75%	 0.30%	 25%	 	
VL	010	 2	beads	with	fiber	 73%	 1%	 -	 26%	 	
VL	036.2	 Pectoral	fragment	 86%	 1.70%	 -	 12%	 	
VL	036.3	 Not	identified	 95.50%	 -	 -	 4.50%	 Small	quantity	of	Br	
VL	106	 Beads	with	fiber	 65%	 0.50%	 -	 34%	 Small	quantity	of	Br	
VL	2000.2	 Undetermined	 80%	 2%	 0.50%	 17.50%	 	








shades	might	have	a	 relation	with	hierarchical	 status	of	 the	wearer	or	 the	purpose	of	 the	
object,	usually	ritual	or	ornamental	(Sutliff	1998).		
	 	 	






ID	code	 Artefact	 Cu	 Pb	
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GROUP	1:	VL	1006	








Area	A	had	3	 smaller	areas	analyzed,	 showing	presence	of	C,	 Si,	Cl,	Cu	and	O.	The	
arsenic	presence	is	not	registered	in	this	case,	probably	due	to	the	area	selected.		
Spectrum	 C	 Si	 Cl	 Cu	 O	
Area	1	 2.69%	 0.95%	 4.59%	 66.73%	 25.04%	
Area	2	 3.17%	 2.77%	 2.52%	 63.86%	 27.67%	
Area	3	 2.94%	 2.28%	 1.12%	 66.48%	 27.18%	
	 	 	 	 	 	
















Spectrum	 C	 S	 Cl	 Cu	 Pb	 O	
Grey	Background	 1.37%	 0.34%	 	 75.21%	 	 23.08%	
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that	show	traces	of	arsenic	and	lead,	as	well	as	high	amounts	of	copper,	which	confirms	the	
XRF	groupings.	
Spectrum	 C	 Cl	 Cu	 As	 Pb	 O	











Spectrum	 C	 Cl	 Cu	 As	 O	
Area	B	 4.70%	 0.37%	 63.36%	 2.33%	 29.23%	
Table	22:	Results	of	EDS	in	Area	B	of	VL	1000.	
	 	 	










Spectrum	 C	 Cl	 Cu	 As	 Pb	 O	
Area	C	 3.82%	 0.63%	 65.02%	 2.39%	 0.75%	 27.38%	
Table	23:	Results	of	EDS	in	Area	C	of	VL	1000.	
	 	 	









Spectrum	 C	 Cl	 Cu	 O	
Grey	Background	 3.88%	 0.60%	 68.06%	 27.46%	
Grey	Background	2	 2.31%	 0.48%	 72.73%	 24.48%	
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Spectrum	 C	 Si	 P	 Cl	 Cu	 O	
Area	1	 3.28	 0.44	 0.27	 7.20	 63.29	 25.52	
Area	2	 3.67	 0.43	 0.37	 7.29	 61.91	 26.33	
Area	3	 4.07	 0.76	 0.51	 7.59	 59.68	 27.39	
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Spectrum	 C	 Cl	 Fe	 Cu	 As	 Ag	 Au	 O	
White	phase	 3.23%	 0.81%	 0.99%	 28.58%	 	 27.86%	 18.15%	 20.37%	
Grey	
Background	
2.06%	 	 	 73.07%	 0.76%	 	 	 24.12%	
Grey	
Background	2	
























Spectrum	 C	 Al	 Si	 Cl	 Cu	 Ag	 O	
Area	1		 8.08%	 0.19%	 0.40%	 3.27%	 36.82%	 18.44%	 32.80%	
Area	2	 8.01%	 0.29%	 0.44%	 4.03%	 38.29%	 16.03%	 32.91%	
Area	3	 7.14%	 1.48%	 1.86%	 6.35%	 33.46%	 17.51%	 32.19%	
	 	 	 	 	 	 	 	




















Spectrum	 C	 Cl	 Cu	 Ag	 Au	 O	
White	phase	 1.74%	 1.64%	 9.07%	 74.53%	 0.51%	 12.50%	
Grey	Background	 3.17%	 0.51%	 62.61%	 7.44%	 1.35%	 24.93%	
Grey	Background	2	 2.42%	 0.23%	 66.13%	 6.01%	 1.50%	 23.72%	
White	phase	2	 2.27%	 0.96%	 35.14%	 42.51%	 0.95%	 18.17%	
	 	 	 	 	 	 	







to	 the	 XRF	 is	 a	 copper-lead	 alloy.	 This	 artefact	 had	 just	 one	 area	 analyzed	 and	 showed	
	 	 	










Spectrum	 C	 Si	 P	 Cl	 Ca	 Cu	 O	
Dark	Grey	Area	 10.96%	 0.52%	 7.40%	 2.33%	 1.80%	 29.50%	 47.49%	
Grey	Area	 7.87%	 0.59%	 4.44%	 1.75%	 0.68%	 45.55%	 39.12%	
Light	Area	 12.62%	 	 2.85%	 2.48%	 1.02%	 34.62%	 46.42%	
	 	 	 	 	 	 	 	




















Spectrum	 C	 Cl	 Al	 Si	 Ca	 P	 Cu	 Ag	 O	
White	phase	 8.5%	 0.7%	 1.2%	 3.2%	 1.01%	 1.23%	 38.1%	 1.65%	 40.6%	
White	phase	-	
alto	
19.4%	 0.6%	 0.9%	 3.08%	 5.57%	 0.71%	 4.5%	 0.9%	 62.%	
Grey	Area	 9.7%	 0.3%	 1.02%	 11.5%	 0.64%	 	 27.4%	 	 47.8%	
Dark	Grey	
Area	


































































































































was	 approximately	 38um.	 The	 scale	 pattern	 was	 difficult	 to	 determine,	 due	 to	 the	
mineralization	and	soil	attached	to	the	fiber,	as	well	as	the	natural	degradation	process,	but	
it	 seems	 to	 be	 a	 crenate,	 distant	 broad	 petal	 scale	 pattern.	 Additionally,	 the	 fiber	 shows	
evidence	of	rupture	 in	the	shape	of	 long	straight	cuts,	which	might	have	happened	during	
	 	 	












	 The	 SEM	 images	 allowed	 to	 determine	 the	 width	 of	 this	 fiber	 was	 22um	
approximately,	and	that	it	lacked	the	presence	of	scales.		
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CHAPTER	8:	DISCUSSION	
	 Milagro-Quevedo	metal	artefacts	can	be	classified	in	different	ways,	based	on	shape,	
use,	 color,	 raw	 material,	 manufacturing	 technique	 and	 even	 stage	 of	 manufacture.	 The	
preformed	analyses	allowed	us	to	determine	the	existence	of	four	alloys,	four	metal	colors,	
three	 manufacturing	 techniques,	 two	 types	 of	 artefacts	 recovered	 and	 it	 lead	 to	 the	
determination	of	types	of	fibers	used	by	the	Milagro-Quevedo.		
ARTEFACT	CLASS	AND	METAL	COLOR	
Milagro-Quevedo	 metallurgical	 artefacts	 have	 been	 previously	 analyzed	 and	 five	
classes	 of	 artefacts	were	 determined	 by	 Sutliff	 (1989),	mainly	 based	 on	 use	 and	 stage	 of	







	 The	 artefacts	 considered	 implements	 are	 those	 that	 were	 created	 for	 a	 practical,	
functional	 purpose,	 even	 if	 they	 were	 left	 as	 grave	 goods,	 and	 became	 ornamental	 as	 a	
consequence	of	their	final	use.	Implements	in	this	case	include	needles,	tweezers,	hooks	and	
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ID	code	 Artefact	 Color	 Alloy	mixture	
VL	013	 Tweezers	 Bronze	 Cu+As	
VL	114	 Tweezers	fragment	 Bronze	 Cu+As	
VL	3021	 Needle	fragment	 Bronze	 Cu+As+Pb	
VL	3027	 2	axe	fragments	 Bronze	 Cu+As	
VL	2000.1	 Hook	 Undetermined	 Cu+Ag	
Table	33:	Artefacts	considered	implements,	color	and	alloy	mixture.	
There	seems	to	be	a	correlation	between	metal	color	and	use	of	artefact	that	can	be	












ID	code	 Artefact	 Color	 Alloy	mixture	
VL	009	 Ring	 Bronze	 Cu+As+Ag	
VL	1000	 Ring	 Bronze	 Cu+As+Pb	
VL	1017	 Rings	fragment	 Bronze	 Cu+As	
VL	1033	 Nose	ring	 Bronze	 Cu+As	
VL	106	 Beads	with	fiber	 Golden	Bronze	 Cu+As+Ag	
VL	1023	 Bell	 Golden	Bronze	 Cu+As+Pb	
VL	1051	 Ring	fragment	 Golden	Bronze	 Cu+As+Ag	
VL	2000.2	 Undetermined	shape	 Golden	Bronze	 Cu+As+Ag	
VL	2005.2	 Bell	 Golden	Bronze	 Cu+As	
VL	3009	 Ring	and	ring	fragment	 Golden	Bronze	 Cu+As+Ag+Au	
VL	010	 2	bead	with	fiber	 Dark	Bronze	 Cu+As+Ag	
VL	036.1	 Bracelet	fragment	 Dark	Bronze	 Cu+Pb	
VL	036.3	 Not	identified	fragment	 Dark	Bronze	 Cu+As+Ag	
a	 b	
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VL	1006	 Nose	ring	 Dark	Bronze	 Cu+As	
VL	2005.1	 Ring	 Dark	Bronze	 Cu+As	
VL	3003	 Bead	 Silver	 Cu+As+Ag+Au	





might	have	 to	do	with	 the	wearer	of	 the	artefact	and	 their	 importance	 inside	 the	 society	
(Lechtman	1985).	As	all	of	these	were	grave	goods,	their	purpose	was	to	display	wealth	and	
hierarchy	 in	 death,	 so	 the	 colors	 might	 relate	 to	 a	 significance	 they	 were	 attempting	 to	






	 The	Milagro-Quevedo	people	manufactured	 their	metallic	 artefacts	 in	 a	 previously	
studied	and	established	manner,	which	starts	after	the	arrival	of	the	raw	material	to	the	site,	
as	 there	 is	no	evidence	of	mines	 in	 the	area.	 In	all	manufacturing	techniques,	 the	process	
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used	 the	 annealing	 and	 pickling	 process.	 This	 process	 is	 repeated	 several	 times	 until	 the	
desired	 surface	 is	 enriched	 with	 the	 desired	 element	 and	 the	 desired	 color	 is	 obtained	
(Lechtman	1984a),	which	could	explain	the	variety	of	colors	found	in	these	artefacts.			
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ID	code	 Artefact	 Color	 Alloy	mixture	
VL	009	 Ear	or	nose	ring	 Bronze	 Cu+As+Ag	
VL	1000	 Ear	or	nose	ring	 Bronze	 Cu+As+Pb	
VL	1006	 Nose	ring	 Dark	Bronze	 Cu+As+Pb	
VL	1017	 Earing	fragments	 Bronze	 Cu+As	
VL	1033	 Nose	ring	 Bronze	 Cu+As	
VL	1051	 Earing	fragment	 Golden	Bronze	 Cu+As+Ag	
VL	2000.1	 Hook	 Undetermined	 Cu+Ag	
VL	2000.2	 Undetermined	shape	 Golden	Bronze	 Cu+As+Ag	
VL	2005.1	 Earing	 Dark	Bronze	 Cu+As	
VL	3009	 Earing	and	fragment	 Golden	Bronze	 Cu+As+Ag	
VL	3021	 Needle	fragment	 Bronze	 Cu+As+Pb	
Table	35:	Artefacts	made	out	of	wire.	
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technique	 and	 the	 colors	 and	 alloy	 mixtures	 were	 also	 varied	 and	 non	 specific	 to	 the	
manufacturing	method	used.	
ID	code	 Artefact	 Color	 Alloy	mixture	
VL	013	 Tweezers	 Bronze	 Cu+As	
VL	036.1	 Bracelet	fragment	 Dark	Bronze	 Cu+Pb	
VL	036.2	 Pectoral	fragment	 Undetermined	 Cu+As+Ag	
VL	036.3	 Not	identified	fragment	 Dark	Bronze	 Cu+As+Ag	
VL	114	 Tweezers	fragment	 Bronze	 Cu+As	
VL	1023	 Bell	 Golden	Bronze	 Cu+As+Pb	
VL	2005.2	 Bell	 Golden	Bronze	 Cu+As	
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	 The	artefacts	in	this	category	are	all	necklace	beads,	with	silver,	dark	bronze	or	golden	
bronze	 surfaces;	and	 include	alloys	 containing	copper,	arsenic,	 lead,	gold	and	silver.	Once	




ID	code	 Artefact	 Color	 Alloy	mixture	
VL	010	 4	Necklace	beads	 Dark	Bronze	 Cu+As+Ag	
VL	106	 2	Necklace	beads	 Golden	Bronze	 Cu+As+Pb	
VL	3003	 Necklace	bead	 Silver	 Cu+As+Ag+Au	
Table	37:	Hollow	Bead	Artefacts.	
	 These	 artefacts	 were	 either	 shaped	 from	 a	 metal	 sheet,	 beaten	 into	 a	 cylindrical	
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several	copper	based	alloys,	which	can	be	classified	as	either	copper-silver	or	copper-arsenic	
alloys.		









worn	 by	 high	 hierarchy	 people;	 while	 copper	 or	 bronze	 colored	 artefacts	 were	 used	 for	
implements	and	ornaments	for	low	hierarchy	people.	Even	if	gold	and	silver	per	se	were	not	







the	Manteño	 (Romero-Bastidas	et	al.	2017),	Sicán	 (Lechtman	1991)	and	possibly	even	 the	
Moche,	 groups	 that	 are	 known	 to	have	used	 these	 alloys	 as	well.	 Considering	 the	 lack	of	
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Figure	72:	Artefacts	with	fibers.	a-VL010,	b-036.1,	c-VL036.2,	d-VL036.3.	
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CHAPTER	9:	CONCLUSIONS	
This	 research	 attempted	 to	 approach	 Ecuadorian	 metallurgy	 of	 the	 Guayas	 Basin	
through	a	metallurgical	 analysis	 of	 artefacts	 found	 in	 a	Milagro-Quevedo	burial	mound	 in	
Vuelta	Larga,	through	the	analysis	of	22	artefacts	recovered	during	excavations	preformed	by	
Florencio	Delgado,	PhD.	 and	his	 team	 in	 the	 late	90s.	 The	artefacts	were	analyzed	with	a	
stereomicroscope,	before	going	through	XRF,	SEM-EDS	and	Environmental	SEM	analysis.	The	
analysis	 showed	 the	 different	manufacturing	 techniques	 of	 both	metals	 and	 textiles,	 the	





















artefacts	 under	 stereomicroscope,	 three	 different	 patterns	 were	 identified:	 thread	 for	
beading,	plain	weave	for	bracelet	lining	and	float	weave	for	clothes.	The	SEM	imaging,	on	the	
other	 hand,	 helped	 compare	 the	 artefacts	 with	 the	 fresh	 hair	 samples,	 and	 allowed	 the	
	 	 	
















the	 raw	 material	 ingots,	 the	 following	 steps	 varied	 from	 technique	 to	
technique.	
d) The	surface	color	was	really	important	for	the	Milagro-Quevedo,	and	the	
colors	 found	 in	 the	 artefacts	 vary	 from	bronze,	 to	 silver,	 including	 dark	
bronze	and	golden	bronze.	The	artefact	use	and	wearer	were	related	to	
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Figure	87:	VL2000.1,	hook.	
	
Figure	88:	Vl2005.1,	ring.	
	
Figure	89:	VL2005.2,	bell.	
	
Figure	90:	VL3003,	bead.	
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Figure	91:	VL3009,	ring	and	ring	fragment.	
	
Figure	92:	VL3021,	needle	fragment.	
	
Figure	93:	VL3027,	axe	fragments.	
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APPENDIX	B:	ARTEFACTS	UNDER	STEREOMICROSCOPE	
	
Figure	94:	VL009,	ring.	
	
Figure	95:	VL010,	beads	with	fibers,	fiber	detail.	
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Figure	96:	VL010,	bead	with	fiber.	
	
Figure	97:	VL013,	tweezers	detail.	
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Figure	98:	VL036.1,	bracelet	fragment	textile.	
	
Figure	99:	VL036.1,	bracelet	fragment	detail.	
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Figure	100:	VL036.2,	pectoral	fragment	textile.	
	
Figure	101:	VL036.2,	pectoral	fragment	detail.	
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Figure	102:	VL036.3,	non-identified	fragment	textile.	
	
Figure	103:	VL036.3,	non-identified	fragment.	
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Figure	104:	VL106,	bead	with	fiber.	
	
Figure	105:	VL114,	tweezers	fragment.	
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Figure	106:	VL1000,	ring	polished	area.	
	
Figure	107:	VL1006,	nose-ring	detail.	
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Figure	108:	VL1006,	nose-ring	polished	area.	
	
Figure	109:	VL1017,	ring	polished	area.	
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Figure	110:	VL1023,	bell	polished	area.	
	
Figure	111:	VL1033,	nose-ring	polished	area.	
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Figure	112:	VL1051,	ring	polished	area.	
	
Figure	113:	VL2000.1,	hook	detail.	
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Figure	114:	VL2005.1,	ring	detail.	
	
Figure	115:	VL2005.2,	bell	detail.	
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Figure	116:	VL3003,	bead	polished	area.	
	
Figure	117:	VL3021,	needle	detail.	
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Figure	118:	VL3027,	axe	fragment	polished	area.	
	
	
	 	
	 	 	
	 	 	114	
APPENDIX	C:	ARTEFACTS’	SPECTRA	
	
Figure	119:	VL009	XRF	spectra.	
	
Figure	120:	VL013	XRF	spectra.	
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Figure	121:	VL036.1	XRF	spectra.	
	
Figure	122:	VL036.2	XRF	spectra.	
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Figure	123:	VL036.3	XRF	spectra.	
	
Figure	124:	VL106	XRF	spectra.	
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Figure	125:	VL114	XRF	spectra.	
	
Figure	126:	VL1000	XRF	spectra.	
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Figure	127:	VL1006	XRF	spectra.	
	
Figure	128:	VL1017	XRF	spectra.	
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Figure	129:	VL1023	XRF	spectra.	
	
Figure	130:	VL1033	XRF	spectra.	
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Figure	131:	VL1051	XRF	spectra.	
	
Figure	132:	VL2000.1	XRF	spectra.	
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Figure	133:	VL2005.1	XRF	spectra.	
	
Figure	134:	VL2005.2	XRF	spectra.	
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Figure	135:	VL3003	XRF	spectra.	
	
Figure	136:	VL3009	XRF	spectra.	
